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TITLE OF THE INVENTION 

Millimeter Wave Transmitter, Millimeter Wave Receiver and 
Millimeter Wave Communication System Enabling Simplification of Wiring 
and Improvement in Degree of Freedom for Setting Receiver in Receiving 
5 System for Terrestrial Broadcasting and Satellite Broadcasting 
BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a miUimeter wave transmitter, a 
millimeter wave receiver, a miUimeter wave communication system, a 
10 repeater and an electronic apparatus for radio-transmitting a plurality of 
broadcasting waves of terrestrial broadcasting such as VHF/UHF 
broadcasting or satellite broadcasting such as BS (broadcasting sateUite) 
broadcasting or CS (communication satellite) broadcasting in milHmeter 
. waves indoors. 
15 Description of the Backgi-ound Alt 

At present, broadcasting is implemented over a plurahty of radio 
bands for terrestrial broadcasting (UHF and VHF) and satellite 
broadcasting (BS and CS). 

Fig. 16 illustrates the structure of a conventional TV broadcasting 
20 receiving system 800 in a personal residence. 

The TV broadcasting receiving system 800 receives satellite 
broadcasting signals of the 12 GHz band in a BS antenna 71 and a CS 
antenna 72 respectively. Low-noise converters 73 mounted in close 
proximity to the respective antennas 71 and 72 convert the received radio 
25 waves to an intermediate frequency band of 1 to 2 GHz. Coaxial cables 74 
and 75 transmit the converted signals to indoor TV receivers 76 (BS/CS 
tuners or TVs storing BS/CS tuners) from outside. Terrestrial 
broadcasting signals of a radio frequency band received in a UHF antenna 
77 and a VHF antenna 78 are transmitted to the indoor TV receivers 76 
30 through a coaxial cable 79 after mixed with each other (or independently of 
each other). 

Fig. 17 illustrates the structure of a conventional TV broadcasting 
receiving system 900 in a condominium. 
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As shown in Fig. 17, the TV broadcasting receiving system 900 
receives sateUite broadcasting waves in a BS antenna 84 and a CS antenna 
85 respectively and converts the same to an intermediate frequency band of 
1 to 2 GHz. After the frequency conversion, a block converter 80 mixes the 
5 CS and BS signals with terrestrial broadcasting VHF/UHF signals of a 

radio frequency band received in a UHF antenna 77 and a VHF antenna 78, 
so that the mixed signals are transmitted through a single coaxial cable 81. 
The signals transmitted through the coaxial cable 81 are distributed to 
each household or each room through distributors 82 and an amphfier 83. 
IQ In the personal residence, however, compUcated wiring is required 

for transmitting the broadcasting signals to a plurahty of TV receivers. In 
the condominium, all broadcasting signals are transmitted to each 
household through the single coaxial cable 81. However, the distributors 
82 are previously set to hmit the number of mountable TV receivers. In 
15 order to instaU additional TV receivers, therefore, electric work for 
additionally setting new distributors or the hke is required. 

Particularly in order to use a movable Hquid crystal TV or the hke in 
a kitchen not wired with the aforementioned antennas in general, the 
coaxial cable 8 1 must be extended to the kitchen through a connector 
20 provided in a hving room and the distributors 82 or the antennas must be 
wired to the kitchen through an additionaUy provided distributor. 

Further, antenna wires must also be extended in order to change the 
position of a large-sized TV receiver set in the Hving room or the hke. 
SUMMAEY OF THE INVENTION 
25 An object of the present invention is to provide a miQimeter wave 

communication system for transmitting satellite broadcasting (BS and CS) 
and terrestrial broadcasting (VHF and UHF) through miUimeter waves 
indoors, eUminating compHcated wiring and enabhng improvement in 
degr ee of freedom for setting a receiver. 

Another object of the present invention is to provide a milhmeter 
wave transmitter and a millimeter wave receiver for implementing the 
aforementioned millimeter wave communication system. 

Briefly stated, the present invention is directed to a milhmeter wave 
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transmitter for performing miUimeter wave radio transmission indoors, 
which comprises a connection unit, a power supply circuit, a broadcasting 
wave input circuit, a broadcasting wave modulation cii'cuit and a 
millimeter wave transmission circuit. 
5 The connection unit is connectable with an antenna receiving a 

plurality of broadcasting waves. The power supply circuit suppHes driving 
power to the antenna through the connection part. The broadcasting wave 
input circuit receives the pluraHty of broadcasting waves through the 
connection part and converts the broadcasting waves to broadcasting 
10 signals corresponding to the broadcasting waves respectively. The 

broadcasting wave modulation circuit up-converts the broadcasting signals 
to miUimeter waves to be transmitted/received indoors. The millimeter 
wave transmission circuit transmits the millimeter waves . 

According to another aspect of the present invention, a millimeter 
15 wave receiver for performing miUimeter wave radio transmission indoors 
comprises a miUimeter wave receiving circuit, a broadcasting wave 
demodulation circuit, a connection unit and a power receptor circuit. 

The miUimeter wave receiving circuit receives miUimeter waves, 
obtained by up-converting a plurality of broadcasting waves, to be 
transmitted/received indoors. The broadcasting wave demodulation circuit 
down-converts the mUUmeter waves to the frequency band of the 
broadcasting waves. The connection unit is connectable with a connector 
provided on an electronic apparatus having a function of receiving 
broadcasting. The power receptor circuit receives driving power of the 
miUimeter wave receiver through the connection part. 

According to stiU another aspect of the present invention, a 
miUimeter wave communication system for performing mUUmeter wave 
radio transmission indoors comprises a mUUmeter wave transmitter and a 
miUimeter wave receiver. 

The miUimeter wave transmitter transmits miUimeter wave signals 
in the milUmeter wave radio transmission. The miUimeter wave 
transmitter includes a first connection unit connectable with an antenna 
receiving a pluraUty of broadcasting waves, a power supply circuit 
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supplying driving power to the antenna through the first connection part, a 
broadcasting wave input circuit receiving the plurality o£ broadcasting 
waves through the first connection part and converting the broadcasting 
waves to broadcasting signals corresponding to the broadcasting waves 
respectively, a broadcasting wave modulation circuit up-converting the 
broadcasting signals to millimeter waves to be transmitted/received indoors, 
and a millimeter wave transmission circuit transmitting the miUimeter 
waves. 

The millimeter wave receiver receives the mUhmeter wave signals in 
the miUimeter wave radio transmission. The millimeter wave receiver 
includes a millimeter wave receiving circuit receiving the millimeter waves, 
a broadcasting wave demodulation circuit down-converting the miOimeter 
waves to the fi-equency band of the broadcasting waves, a second connection 
unit connectable with a connector provided on an electronic apparatus 
having a function of receiving broadcasting waves, and a power receptor 
circuit receiving driving power of the milhmeter wave receiver through the 
second connection part. 

Therefore, a principal advantage of the present invention resides m 
that broadcasting waves can be transmitted through millimeter wave radio 
communication indoors without employing wires such as coaxial cables by 
forming power supply paths by simply connecting a BS/CS antenna with 
the miUimeter wave transmitter and connecting the electronic apparatus 
such as a TV receiver with the milhmeter wave receiver through connectors 
or the hke. Consequently, neither additional antenna work nor 
compHcated wiring is required for setting additional TV receivers or the 
hke. Further, a miniature TV, a personal computer provided with a TV 
tuner or a video camera can be freely used indoors. 

The foregoing and other objects, features, aspects and advantages of 
the present invention wUl become more apparent from the foUowing 
detailed description of the present invention when taken in conjunction 
with the accompanying di-awings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. lA and IB are block diagrams showing the structure of a 



millimeter wave communication system 1000 according to a first 
embodiment of the present invention; 

Fig- 2 iUustrates the structure of a frequency arranger 17; 

Figs. 3A to 3D illustrate the frequency arrangement of respective 
5 parts in the miUimeter wave communication system 1000; 

Fig. 4 iUustrates the structure of an inverse frequency arranger 30; 

Fig. 5 is a block diagram showing the structure of a milhmeter wave 
receiver 210 capable of outputting signals in distribution to a plurality of 
output connectors; 

10 Fig. 6 is a block diagram showing the structure of a milhmeter wave 

receive 220 capable of receiving external signals; 

Fig. 7 iUustrates a first exemplary method of mounting the inventive 
mUhmeter wave receiver on a TV receiver; 

Fig. 8 iUustrates a second exemplary method of mounting the 
15 inventive miUimeter wave receiver on a TV receiver; 

Fig. 9 Ulustrates a third exemplary method of mounting the 
inventive mUUmeter wave receiver on a TV receiver; 

Fig. 10 is a block diagram showing the structure of a miUimeter wave 
receiver 230 capable of monitoring a mUhmeter wave transmission state; 
20 Fig. 1 1 is a block diagram showing the structure of a mUUmeter wave 

transmitter 110 capable of displaying an operating state of a mUUmeter 
wave transmission system; 

Fig. 12 Ulustrates exemplary display of an information channel; 
Fig. 13 is a block diagi-am showing the structure of a mUUmeter wave 
25 receiver 240 capable of displaying the operating state of the mUUmeter 
wave transmission system; 

Figs 14A and 14B are block diagrams showing the structure of a 
mUhmeter wave transmission system 2000 having a repeater according to a 
second embodiment of the present invention; 
30 Fig. 15 is a block diagram showing the structure of an electronic 

apparatus 310 having a miUimeter wave receiving function according to a 
third embodiment of the present invention; 

Fig. 16 Ulustrates a conventional TV broadcasting receiving system 
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800 in a personal residence; and 

Fig. 17 iUustrates a conventional TV broadcasting receiving system 
900 in a condominium. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
5 According to the present invention, satellite broadcasting (BS and 

CS) and terrestrial broadcasting (UHF and VHF) are radio-transmitted 
indoors by milhmeter wave transmission of the 60 GHz band. 

Milhmeter waves of the 60 GHz band, extremely higher in frequency 
than the current satellite and terrestrial TV broadcasting waves for 
10 aUowing a large radio bandwidth of transmitters/receivers, can collectively 
radio-transmit terrestrial and satellite broadcasting signals. In this 
frequency band, shielding between adjacent houses is readily attained due 
to large absorption by oxygen/moisture. In this frequency band, a half 
wavelength of 2.5 mm in the air is substantiaUy identical to the chip size of 
15 an integrated circuit, and aUows integration with the integi-ated circuit 

inclusive of an antenna. Therefore, a hghtweight miniature radio module 
can be built into an electronic apparatus. Thus, this frequency band is 
suitable for indoor radio transmission. 
First Embodiment 

20 Fig lA is a block diagram showing the structure of a millimeter 

wave transmitter 100 forming a milhmeter wave communication system 
1000 according to a first embodiment of the present invention. 

The miUimeter wave transmitter 100 includes a VHF/UHV antenna 
11, a BS antenna 12, a CS antenna 13, a connector 14, another connector 
25 15 a broadcasting signal input 16, a frequency arranger 17, an up 

converter 18, a transmitter 19, a DC power supply 20, another DC power 
supply 21, a receiver 22, a DC power controller 23, a memory 24 and a 
millimeter wave antenna 25. 

Fig IB is a block diagram showing the structure of a milhmeter 
30 wave receiver 200 and an electronic apparatus 300 forming a milhmeter 
wave communication system 1000 according to a first embodiment of the 
present invention. 

Referring to Fig. IB, a millimeter wave receiver 200 includes a 
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mmimeter wave antenna 27, an amplifier 28, a down converter 29, an 
inverse frequency arranger 30, a mixer/switch 31, a DC power controUer 32, 
a DC power receptor 33, a control signal receiver 34, a transmitter 35, a 
connector 36, another connector 37 and stiU another connector 38. 

An electronic apparatus 300 includes a connector 40, a broadcasting 
signal receiver 41, a control signal transmitter 42, a DC power supply 43 

and a memory 44. 

When formed by a TV receiver, for example, the electronic apparatus 
includes a display (not shown in Fig. IB) or the Hke in addition to the 
aforementioned components. 

A millimeter wave receiving circuit described in claims includes the 
millimeter wave antenna 27 and the amphfier 28 in Fig. IB, and the 
amphfier 28 may be combined with a proper filter or the Hke. 

Basic miUimeter wave transmission parts in the milhrneter wave 
transmitter 100 and the milhrneter wave receiver 200 are first described. 

The VHF/UHF antenna 11, the BS antenna 12 and the CS antenna 
13 input radio waves from terrestrial broadcasting and sateUite 
broadcasting in the connectors 14 and 15. While Fig. lA shows two 
connectors 14 and 15, the number of such connectors is not restricted to two 
but an arbitrary number of connectors may be provided in response to the 
situation of connection. While the miUimeter wave transmitter 100 is 
connected with the antennas 11 to 13 in this embodiment, the transmitter 
100 may alternatively be connected with a terminal coUectively supplying 
broadcasting waves from a synergic system for CATV or the hke. The 
broadcasting waves input from the connectors 14 and 15 are supphed to the 
broadcasting signal input 16. The broadcasting signal input 16, which is 
formed by an amphfier having a gain properly set in response to a 
frequency band, a modulation system etc. in general, supphes amphfied 
broadcasting waves to the frequency arranger 17. 

Fig. 2 illustrates the structure of the frequency arranger 17. Figs. 
3 A to 3D iUustrate the frequency arrangement of the parts in the 
miUimeter wave communication system 1000. 

In synergic receiving, a block converter (not shown) provided 
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between the connector 15 and the CS antenna 13 arranges intermediate 
frequencies of CS and BS signals in the signals input in the frequency 
arranger 17 on the intermediate frequency axis of 1035 MHz to 1895 MHz, 
as shown in Fig. 3A. Referring to Fig. 2, the frequency arranger 17 
frequency-converts only the input signal of terrestrial broadcasting with a 
mixer 87 and a local oscillator 86 and arranges the signals on the frequency 

axis. . 

As shown in Fig. 3B, the frequency arranger 17 outputs signals 
obtained by frequency-converting the terrestrial broadcasting signal. A 
signal obtained by up-converting the terrestrial broadcasting signal of a low 
frequency to the 60 GHz band comes closer to local osciUated waves, which 
must not be emitted from an antenna but removed. Therefore, the 
terrestrial broadcasting signal is removed along with the local oscillated 
waves if up-converted as such. Thus, the frequency arranger 17 
temporarily frequency-converts the terrestrial broadcasting wave to 
another frequency band (2 GHz band, for example) in the stage of the 
intermediate frequency. 

Therefore, the terrestrial broadcasting signal having a low frequency 
can be readily separated from local osciUated waves when up-converted in 
the millimeter wave transmitter 100, whereby the terrestrial broadcasting 
signal can be received with no reduction of transmission quahty also when 
VHF UHF, BS and CS broadcasting waves are simultaneously processed. 

' The up converter 18 provided in the millimeter wave transmitter 100 
up-converts the broadcasting waves arranged on the frequency axis to the 
60 GHz, and signals output from the up converter 18, having radio 
frequencies shown in Fig. 3C, are subjected to power ampHfication etc. m 
the transmitter 19 and output from the milhmeter wave antenna 25 of the 
millimeter wave transmitter 100 as millimeter radio signals. 

The millimeter wave signals are received in the milhmeter wave 
antenna 27 of the millimeter wave receiver 200, amphfied by the amphfier 
28, down-converted by the down converter 29 and input in the inverse 
frequency arranger 30. 

Referring to Fig. 4, the inverse frequency arranger 30 has a function 
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of converting the broadcasting waves from the intermediate frequencies 
arranged on the frequency axis to the original terrestrial frequencies 
through the mixer 87 and the local oscillator 86 in a process reverse to that 
of the frequency arranger 17. 

Fig. 3D iUustrates the frequency arrangement of outputs from the 
inverse frequency arranger 30. The broadcasting waves obtained in the 
aforementioned manner are input in the electronic apparatus 300. Thus, 
TV receiving is enabled when the electronic apparatus 300 is a TV receiver. 

The above is the basic structure for coUectively transmitting 
broadcasting waves to the electronic apparatus 300 such as a TV receiver 
by the milUmeter wave transmitter 100 and the millimeter wave receiver 
200 through millimeter waves. 

According to this structure, DC power supply paths and down- 
converted outputs are also connected by simply inserting and mounting the 
same into and on connectors of a TV receiver, BS and CS tuners and a VTR 
without employing wires such as coaxial cables indoors so that 
broadcasting waves can be transmitted in miUimeter wave radio 
communication, whereby neither antenna work nor comphcated wirmg is 
required for setting additional TVs. Thus, a miniature TV, a personal 
computer provided with a TV tuner or a video camera can be freely used 
anywhere indoors or in the station yard. 

A structure for controUing the milhmeter wave receiver 200 and the 
miUimeter wave transmitter 100 from the electronic apparatus 300 such as 
a TV receiver in Figs. lA and IB. 

The electronic apparatus 300 selects and receives the broadcasting 
waves supphed from the connector 40 in the broadcasting signal receiver 41. 
While the VHF/UHF antenna 11, the BS antenna 12 and the CS antenna 
13 are directly connected to the connector 40 in the conventional receiving 
system employing no milhmeter wave receiver, the connector 40 is 
connected to the connector 38 when employing the milhmeter wave receiver 
200. 

The electronic apparatus 300 may be provided with different 
connectors for terrestrial broadcasting and BS broadcasting. In this case. 
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the mmimeter wave receiver 200 may be replaced with a mmimeter wave 
receiver 210 having a distributor 90 distributing outputs from an inverse 
frequency arranger 30 to a necessary number of outputs and outputtmg the 
same from output connectors 9 1 and 92, as shown in Fig. 5. When 
connecting the output connectors 91 and 92 with the electronic apparatus 
300 through cables, the direction of the millimeter wave antenna 27 can be 
adjusted also in this case as described later by inserting the connector 38 
into the electronic appai-atus 300 and rotating the same. 

Also when a TV receiver, a BS or CS tuner or a VTR has different 
connectors for terrestrial broadcasting, BS broadcasting etc., therefore, the 
connectors can be readily individuaUy connected through a built-m 
distributor. 

Referring again to Fig. IB, the milhmeter wave receiver 200 includes 
the mixer/switch 31 and the connectors 36 and 37, so that broadcasting 
waves from the VHF/UHF antenna 11, the BS antenna 12 and the CS 
antenna 13 can be utilized through the mixer/switch 31 by connecting these 
antennas 11 to 13 to the connector 36 or 37 also when the milhmeter wave 
receiver 200 is mounted on the electronic apparatus 300. When using the 
milhmeter wave receiver 200, the connectors 36 and 37 may not be 
connected in general. When the milhmeter wave transmitter 100 
transmits only VHF, UHF and BS broadcasting and CS broadcasting is to 
be distributed through a coaxial cable in another system or operations of 
the milhmeter wave transmitter 100 and the milhmeter wave receiver 200 
are to be stopped, for example, the VHF/UHF antenna 11, the BS antenna 
12, the CS antenna 13 etc. can be connected while keeping the millimeter 
wave receiver 200 mounted on the electronic apparatus 300. 

Thus, it is possible to directly receive broadcasting waves obtained 
from an antenna wire such as a coaxial cable connected with an existing 
VHF, UHF, BS or CS antenna as weU as to receive up-converted 
broadcasting waves from the milhmeter wave transmitter 100, whereby 
both of a conventional antenna wire and a miOimeter wave path can be 
readily selected in response to the user's convenience. 

In order to select an arbitrary channel with the broadcasting signal 
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receiver 41 in the electronic apparatus 300, the user previously stores 
information as to whether the receiving channel is directly input from the 
VHF/UHF antenna 11, the BS antenna 12 or the CS antenna 13 or input 
through the millimeter wave transmitter 100 and the millimeter wave 
receiver 200 in the memory 44 in association with the receiving channel. 
When the receiving channel selected on the basis of the information stored 
in the memory 44 utilizes the milhmeter wave transmitter 100 and the 
millimeter wave receiver 200, the DC power supply 43 suppHes DC power 
necessary for operations of the millimeter wave receiver 200 through the 
connector 40 . The DC power is supplied in superposition with the 
broadcasting waves. Alternatively, the DC power supply 43 may supply 
DC power when the electronic apparatus 300 is turned on for superposing a 
control signal from the control signal transmitter 42 and performing DC 
power control of the DC power controUer 32 at need. 

At this time, the DC power receptor 33 and the control signal 
receiver 34 separate the DC power and the control signal passing through 
the connector 38 from the broadcasting waves respectively and supply the 
same to the DC power controUer 32. In general, the DC power supply 43 
supplies DC power when the electronic apparatus 300 requires a receiving 
operation, in order to properly save power consumption. 

Thus, when the electronic apparatus 300 such as a TV receiver, a BS 
or CS tuner' or a VTR provided with the milhmeter wave receiver 200 
requires no milhmeter wave receiver in a power-off state, for example, it is 
possible to cut off supply of DC power to portions of the milhmeter wave 
receiver 200 requiring no DC power supply by the control signal from the 
electronic apparatus 300 for preventing wasteful power consumption 
without requiring the user to intentionaUy control supply of DC power. 

The DC power controUer 32, controUing supply of DC power to the 
amplifier 28, the down converter 29 and the inverse frequency arranger 30, 
may also control a further block requiring DC power control. 

While DC power can be supphed from the electronic apparatus 300 
through the connector 38 in this embodiment, the electronic apparatus 300 
is not necessarUy adaptive to supply of DC power to the miUimeter wave 
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receiver 200 Therefore, a DC power adapter for the millimeter wave 
receiver 200 may be employed independently of the electronic apparatus 
300, or the millimeter wave receiver 200 itself may store a power supply 
receiving power from an AC power supply. 

Transfer of Control Information in Milhmeter Wave Communication 

System . 

When the electronic apparatus 300 is a CS tuner or a TV receiver 
capable of receiving CS broadcasting, the control signal transmitter 42 can 
transmit information specifying whether receiving channel uses vertical 
polarization or horizontal polarization to the CS antenna 13, in addition to 
DC power control. When receiving BS broadcasting, the control signal 
transmitter 42 transmits information as to whether or not to supply DC 
power to the BS antenna 12. The information as to vertical polarization or 
horizontal polarization and whether or not to receive BS broadcasting is 
generated by the control signal transmitter 42, transmitted through the 
connectors 40 and 38 and separated by the control signal receiver 34. The 
transmitter 35 transmits the separated information to the milhmeter wave 
transmitter 100. The signals, generally transmitted from the transmitter 
35 to the receiver 22 through infrared radiation, may alternatively be 
transmitted through radio, wire, audio or power transmission. 

Particularly when employing radio waves of the UHF band capable 
of passing through a shield such as a door or a waU dissimilarly to infrared 
radiation, the milhmeter wave transmitter 100 and the millimeter wave 
receiver 200 can be used between partitioned rooms. Further, not only the 
signals for horizontal or vertical polarization control but also data can be 
transmitted by assembhng a cordless telephone of PHS (personal handy 
phone system) or the hke, for advantageously enabhng bidirectional 
communication. 

An exemplary structure of a milhmeter wave receiver 220 capable ot 
receiving external signals is now described. 

Referring to Fig. 6, the milhmeter wave receiver 220 capable of 
receiving external signals is different from the milhmeter wave receiver 
200 shown in Fig. IB in a point that the same includes a receiver 22' 
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capable of directly receiving external signals in place of the conteol signal 
::*er34receilg s^gnals through tlreconnector as The.»^ 

structure of the nnllin^eter wave receiver 220 .s s^mdar t^at °f th 
^illinieter wave receiver 200. andhence redundant descr.pt.on rs not 

"'"*A DC power controller 32 can turn on/off a DC power supply for the 
n.ilHnreter wave receiver 220in response to an off state or s^ecuon^^^^^ 
channel for BS or CS broadcasting by receiving a control srgnal feom a 
remote control transmitter attached to the electronrc apparatus 300 such as 
a receiver Further, it is possible to conteol the DC power controUer 23 
fie— er wave transmitter 100 or control theDCpowersupphes 20 

ald21 on thebasis of informatron on horizontal or verucalpol— 

similarly to the above by transmitting the control srgnal recerved in a 
rlr 22.t» the millimeterwave transmitter lOOfromatra—^^^^^ 
Referring again to Fig. lA, the receiver 22 provided on the milhmeter 
wave ttnsmitter 100 receives the information from the millimeter wave 
Tece ver 2 0 or 220 and controls the DC power supply 20 -PPl^^-^ 
pow J f 11 [V] for vertical polarization or DC power of 15 [V] for — al 
pZLation to the CS antenna 13. When receiving BS broadcasting 
Llo^ation, the receiver 22 controls theDC power supply21tosupidy 

power of 15 V to the BS antenna 12 through the connector 14^ When 
rrgicaUyreceivingCS broadcasting, the block converter 80must be set 

between the connector 15 and the CS antenna 13. as shown in Fig. 17. 

When the electronic apparatus 300 is off and requires no receiving, it 
is necessary to cut off supply of DC power to circuit blocks such as the 
amplkr 28, the down converter 29, the inverse frequency arranger 30 etc. 
rSring no operations in the millimeter wave receiver 200 andcontrol 
u™DC power to circuit blocks such as the broadcasting si^al input 
the £i-e,uency arranger 17, the up converter 18, the transmitter 19 e... 
requiring no operations in the milhmeter wave 

At this time, such a case is supposable that a plurahty of milhmeter 
wave receivers and a plurality of electronic apparatuses 300 receive 
transmission outputs from a single millimeter wave transmitter 100 m 
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combination such that the electronic apparatuses 300 include a large-s.zed 
fixed TV receiver and a movable Uquid crystal TV receiver mounted with 
the millimeter wave receivers 200 respectively, for example. 

In this case, therefore, each of the electronic apparatus 300 which is 
the large-sized fixed TV receiver and the electronic apparatus 300 which is 
the movable Uquid crystal TV receiver transmits apparatus identification 
information and information indicating that the apparatus 300 is m an ON 
state, for example, requiring receiving at present to the millimeter wave 
receiver connected with each appar-atus 300. The -"'-1 f 
34 separates the transmitted information and the transmitter 35 transmits 
the infoimation to the single milhmeter wave transmitter 100. 

The milMmeter wave transmitter 100 receives the information in the 
receiver 22 and transmits the same to the memory 24. The memory 24. 
storing information on the apparatus using the broadcasting waves from 
the mfflimeter wave transmitter 100 previously input by the user, obtams 
the apparatus identification information and the information mdicatrng 
that the apparatus 300 requires receiving at present from the receiver 22. 
HaU apparatuses stored in the memory 24 are off to require no 
broadcasting waves, the DC power controUer 23 cuts off supply of DC power 
to the broadcasting signal input 16. the frequency arranger l'- "P 
converter 18. the transmitter 19 etc. while the DC power supphes 20 and 21 
cut oil supply of DC power to the CS antenna lS, the BS antenna 12 etc.. 
Thus when millimeter wave transmission is unnecessary, power 
consumption can be saved with no intentional operation of the user. 

When a TV receiver and a VTE provided with millimeter wave 
receivers respectively receive millimeter wave transmission from the smgle 
millimeter wave transmitter 100 while the VTR currently records a 
competing program on a different channel, the control signal transmitter 42 
of the VTR forming the electronic apparatus 300 transmits information 
indicating that the VTR cuoently records the competing program to the 
control signal receiver 34 through the connectors 40 and 38. The control 
signal receiver 34 fiirther teansmits this information to the millimeter wave 
transmitter 100 through the transmitter 35, and the receiver 22 of the 
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miffimeter wave transmitter 100 receives this information. Even if the TV 
receiver transmits information indicating that the same reqmres no 
distribution otbroadcasting to the miUimeter wave transmitter 100 at this 
time, the DC power controUer 23 of the miBimetei wave transmitter 100 
continuously supplies DC power to the broadcasting signal uiput 16, the 
frequency arranger 17, the up converter 18 and the transmitter 19. Also 
when the broadcasting channel subjected to millimeter wave transmission 
is switched at any time by a request from the electronic apparatus 300, 
such switching of the broadcasting channel subjected to teansmission is 
inhibited so that the VTR normally records the competing program if the 
information indicating that the VTR currently records the competmg 
program reaches the milUmeter wave transmitter 100. If not for this 
ftinction, it foUows that the broadcasting channel stops dunng recording of 
the competing program in the VTR. „t „„1„ 

The receiver 22 in the milUmeter wave transmitter 100 may not only 
receive signals from the teansmitter 35 in the millimeter wave receiver 200 
but also directly receive a remote control signal from a remote control 
transmitter attached to the electronic apparatus 300, for example. When 
the remote control transmitter attached to the electronic apparatus 300 
transmits a TV-on signal or a channel switch signal, the electromc 
apparatus 300 receives this remote control signal and operates while the 
receiver 22 can also receive the remote control signal for controlhng the DC 
power supphes 20 and 21 and supplying DC power to the CS antenna 13 
and the BS antenna 12. Alter-natively, the DC power controller 23 can be 
controUed in response to supply of DC power to the electronic apparatus 
requiring the milKmeter wave transmitter 100 through the memory 24 to 
supply DC power to the broadcasting signal input 16, the frequency 
arranger 17, the up converter 18, the transmitter 19 etc. When the TV 
receiver or the VTR transmits a power-off signal, the miUimeter wave 
transmitter 100 can be turned off. It is also possible to switch the 
broadcasting channel transmitted through the millimeter wave transmitter 
100 from that for BS broadcasting to that for BS broadcasting. In this case, 
the remote control transmitter attached to the electromc apparatus 300 or 
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that prepared for the millimeter wave transmitter 100 or the millimeter 
wave receiver 200 or 220 can be utiHzed. 

Thus, the BS and CS antennas can be supphed with DC power in 
response to the busy condition of the millimeter wave 

transmission/receiving system, whereby no DC power for the antennas may 
be relayed from a TV receiver or a VTR for BS broadcasting or a CS tuner. 

When the number of channels to be transmitted is increased for the 
miUimeter wave transmission band, information for limiting the operation 
of milhmeter wave transmission/receiving to only transmission of a CS 
channel, for example, is introduced into the control signal from the 
electronic apparatus 300 such as a TV receiver, a BS or CS tuner or a VTR 
provided with the miUimeter wave receiver 200, and transmitted to the 
miUimeter wave receiver 200 and the miUimeter wave transmitter 100. 
Thus the miUimeter wave transmitter 100 Umits the signal to the 
necessary band by the broadcasting signal input 16 and thereafter up- 
converts the same in the up converter 18 in response to the channel band 
required by the electronic apparatus 300. In this case, the channel band 
can be switched at need also when the number of the channels to be 
transmitted is excessively increased, and the number of transmitted 
channels can be sufficiently ensured. 

Antenna Structure of MOUmeter Wave Receiver 
Methods of mounting the inventive mUUmeter wave receiver on the 
electronic apparatus are now described. Each of Figs. 7, 8 and 9 shows the 
antenna structure of a mUUmeter wave receiver capable of transmitting DC 
power and a control signal in superposition through the aforementioned 
connector 38 and a structure of mounting this antenna on a TV receiver 45, 
which is a representative example of the electronic apparatus 300. 

WhUe a pluraUty of exemplary structures of the mUUmeter wave 
receiver are described in relation to this embodiment and any structure is 
appUcable to the mUUmeter wave receivers shown in Figs. 7, 8 and 9, each 
of Figs. 7 to 9 representatively shows the mUUmeter wave receiver 200. 

MUUmeter waves of the 60 GHz band aUowing a wide band and 
having a proper transmission attenuation property also have proper 
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transmission directivity. While no information leaks to the periphery 
when transmission directivity is extremely narrow, optical axis and the 
directivity must be adjusted not to deviate between antennas in the case of 
light When the transmission directivity is extremely wide, information 
may leak to the periphery or transmission outputs and receiving sensitivity 
must be increased although no problem arises in antenna directions. The 
millimeter waves have intermediate characteristics, and the direction of the 
miUimeter wave antenna 27 is preferably controUable to some extent in the 
millimeter wave receiver 200. 

When the connector 38 of the miUimeter wave receiver 200 is 
inserted in a connector 40 of the TV receiver 45 as shown in Fig. 7, 8 or 9, 
the body of the millimeter wave receiver 200 can be rotated about the 

connector 40. ^ 

Referring to Fig. 7, an antenna 46 serving as the milhmeter wave 
antenna 27 is mounted on the millimeter wave receiver 200 in a direction 
paraUel to the axis of rotation thereof so that the direction of the surface of 
the antenna 46 is changeable when rotating the millimeter wave receiver 
200 about the connector 40. Thus, when mounting the millimeter wave 
receiver 200 on the TV receiver 46, the direction of the antenna 46 can be 
readily changed in a direction most increasing the receiving sensitivity. 

When mounting another antenna 47 serving as the millimeter wave 
antenna 27 perpendicularly to the axis of rotation, the receiving sensitivity 
of the antenna 47 remains unchanged on whatever rotation position the 
milhmeter wave receiver 26 is mounted. Thus, this is effective if the 
receiving level in the direction of the antenna 47 is strong. 

Referring to Fig. 8, an antenna 48 is set at an obHque angle with 
respect to the axis of rotation about the connector 40. This antenna 48 has 
a component adjustable in response to the rotation angle in mountmg and 
an unchanged component. Therefore, this is an effective method when 
providing only one milhmeter wave antenna 27. 

Referring to Fig. 9, the miUimeter wave receiver 200 has an axis of 
rotation in a direction perpendicular to the axis of rotation about the 
connectors 40 and 38, and the millimeter wave antenna 27 is rotatably 
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mounted about the same. Therefore, the mmimeter wave antenna 27 can 
be freely directed in a space. When employing a coaxial connector for the 
axis of rotation of the portions on which the connector 38 and the 
millimeter wave antenna 27 are mounted, the two portions can 
conveniently be separated. 

According to this structure, the direction of the milhmeter wave 
antenna of the millimeter wave receiver 200 can be arbitrarily changed m 
the space, whereby the antenna can be freely adjusted to a direction of a 
higher receiving level also when radio waves from the millimeter wave 
transmitter 100 or the antenna of the milhmeter wave receiver 200 has 

directivity. ^ , 

While the antennas 46, 47 and 48 have been described as plane 
antennas having a certain degree of directivity in the surface directions, an 
antenna having no directivity can also be effectively employed since the 
direction for mounting the milhmeter wave receiver 200 may not be taken 
into consideration in this case. While the connector 40 has been described 
as a coaxial connector, a similar effect is expectable also when the 
connector 40 is not coaxial but rotatable or bendable on the portion of the 
connector 38. If coaxially setting the connectors 38 and 36 mounted on the 
milhmeter wave receiver 200, the position of an antenna cable connected to 
the connector 36 remains unchanged when the milhmeter wave receiver 
200 is rotated with respect to the connector 40, and hence the antenna 
cable is not pulled or loosened. ... . . 

While Figs 7, 8 and 9 show the methods of mounting the milhmeter 
wave receiver 200 on the connector 40 of the existing TV receiver 45, the 
back surface of the TV receiver 45 wiU not protrude when previously 
depressing the portion of the TV receiver 45 for mounting the connector 40 
and mounting the milhmeter wave receiver 200 on this portion, whereby 
the connector 38 can be prevented from being broken by hittmg the 
milhmeter wave receiver 200 against a waU or the Hke also when moving 
the TV receiver 45 provided with the milhmeter wave receiver 200. When 
covering the depressed portion, mounting of the milhmeter wave receiver 
200 is inconspicuous and breaking or dirt with dust or the hke can be 
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readily prevented. Particularly in a thin TV receiver such as a hqmd 
ci-ystal TV receiver, protrusion can be effectively eUminated also when 
mounting the millimeter wave receiver 200. The millimeter wave receiver 
200 may alternatively be built into the TV receiver 45. as a matter of course. 
Monitor for MilUmeter Wave Transmission State 
The structure of a millimeter wave receiver 230 capable of 
monitoring a millimeter wave transmission state is now described^ 

Referring to Fig. 10, the milhmeter wave receiver 230 is different 
from the millimeter wave receiver 200 shown in Fig. IB in a point that the 
same further includes a receiving level detector 49, a asplay 50, a 

video/audio signal processor 51, a modulator 52 and a DC power supply 53. 
The remaining structure of the millimeter wave receiver 230 is similar to 
that of the milhmeter wave receiver 200, and hence redundant description 

is not repeated. 

While the milhmeter wave receiver 230 is mounted on the connectoi 
40 of the TV receiver 45 through the connector 38 and the millimeter wave 
receiving level is maximized through the angle of rotation of the mounting 
as described above, receiving signals from the milhmeter wave antenna 27 
formed by the antenna 46, 47 or 48 are supphed to and amphfied by an 
amphfier 28. These signals are supphed to a down converter 29 as weU as 
to the receiving level detector 49. The receiving level detector 49 detects 
the receiving signals, converts the signals to BC voltages or distal signals 
responsive to the receiving level and supphes the same to the video/audio 
signal processor 51. The video/audio signal processor 51 produces video 
signals indicating the receiving situation such as those displaying the 
receiving level in a bar graph and audio signals changing the audio leve m 
response to the receiving level in response to the DC voltages or the digital 
signals The modulator 52 modulates the produced signals to RF signals 
of the VHF channel 1 or 2, for example. A mixer/switch 31 mixes the RF 
signals with outputs from an inverse frequency arranger 30 and outputs 
the mixed signals from a connector 38 to the electronic apparatus 300 such 
as a TV receiver. Thus, when adjusting the receiving level m the 
electronic apparatus 300 such as a TV receiver through the mounting 
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direction of the millimeter wave receiver 230, the VHF channel 1 or 2 is 
received for displaying received images or outpntting sounds so that the 
millimeter wave receiver 230 is mounted on the electronic apparatus 300 
and a mounting direction having an exceUent receiving level can be readily 
set on the basis of the images or sounds. 

The receiving level in the millimeter wave receiver 230 can be 
displayed on a specific channel of the TV receiver in a bar graph or the 
sounds can be output in a volume of an audio frequency responsive to the 
receiving level, for example, whereby the direction of the antenna can be 
extremely readily adjusted. 

When setting the millimeter wave transmitter 100, the milhmeter 
wave receiver 230 and the electronic apparatus 300, it is supposable that 
the electronic appax-atus 300 cannot correctly receive millimeter waves as 
the case may be. In particular, it is difficult to confirm whether or not 
millimeter waves are correctly transmitted fiom the millimeter wave 
transmitter 100 and correctly received by the milfimeter wave receiver 230. 
In this case, the milfimeter wave receiver 230 is disconnected from the 
electronic apparatus 300, independently operated with DC power supphed 
from a DC power supply 53 and brought to a portion close to the milfimeter 
wave transmitter 100 set indoors in the vicinity of a ceifing, for example, so 
that the display 50 such as an LED (fight emittfiig diode) or a fiquid crystal 
display displays the receiving level fii response to the output level of the 
receiving level detector 49. Therefore, the transmission outputs of 
miUimeter waves can be readily confirmed fiom a portion around the 
milfimeter wave transmitter 230, the LED or the fike can display whether 
or not the miUimeter waves are correctly defivered fiom the milfimeter 
wave transmitter 100 and how high the radio level is, and radio 
propagation can be readily confirmed when setting the miUfineter wave 
receiver 230. Thus, it is possible to readily verify whether or not the path 
up to the electronic apparatus 300 has any problem by foUowing the 
transmission path. If it is confirmable that the transmission path has no 
problem, it foUows that the milfimeter wave receiver 230 may be connected 
to the connector 40 of the electronic apparatus 300 for making confirmation 
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on the side of the electronic apparatus 300 this time. . . _ , 

Display of Operating State of Millimeter Wave Transmission System 
The structures of a milhmeter wave transmitter 110 and a nldhmeter 
wave receiver 240 capable of displaying the operating state of a mdhmeter 
wave transmission system are now described. ^ 

Referring to Fig. U, the millimeter wave transmitter 110 capable ot 
displaying the operating state otthe milhmeter wave transmission system 
is difierent from the milhmeter wave transmitter 100 shown in Fig. lA m a 
point that the same further includes a video/audio signal processor 51a. a 
modulator 52a, a mixer 93a and an input interface 89. The -mannng 
structure of the milhmeter wave transmitter 110 is simdar to that of the 
milhmeter wave transmitter 100 and hence redundant description is not 

'"'''"'''In the millimeter wave transmitter 110. the video/audio signal 
processor 51a produces an information display screen expressible a. an 
information channel, for example, or an audio signal on the basis of control 
information as to selection of BS broadcasting or CS broadcasting received 
from a receiver 22. information on results of coHation with an appai-atus 
stored in a memory 24 or information set for a frequency arranger 17 or an 

up converter 18. .1.1 
Fig 12 shows exemplary display of the information channel. 
The modulator 52a modulates the produced signal to broadcasting 
waves of the VHF channel 1 or 2, and the mixer 93 supei^oses the signals 
on original broadcasting waves input from a connector 14 or 15. The 
superposed signals are transmitted to the milhmeter wave receiver 240 and 
the electronic apparatus 300 in milhmeter wave transmission similaiiy to 
the original broadcasting waves. When receiving the VHF channel 1 or 2 
as an information channel, therefore, the electronic apparatus 300 such as 
a TV receiver can regularly confirm the operating state of the mi]hmeter 
wave communication system including the milhmeter wave transmitter 110. 

Similarly to the information channel, it is possible to modulate a 
video signal and an audio signal of a movie or the hke externaUy input 
through the input interface 89 by the modulator 52a to broadcasting waves 
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of the VHP channel 1 or 2 and superpose the same on the original 
wILg waves input&omtheconnector 14 or 15 hy the m^er/swrtch 
93a In the electronic apparatus 300 such as a TV receiver, therefore. 
Lages and sounds of the movre or the Uke can be received anywhere m the 
house by receiving the VHF channel lor 2. . , ™, wter 

In order to utilize a miBimeter wave transnutter and a milhmeter 
wave receiver as a millimeter wave communication system, it is general to 
Zut hrTadcasting waves input through an antenna from the mJhmeter 
wave receiver without changing the broadcasting channel. In order to 
prevent crosstalk between the milhmeter waves and general broadcasting 
waves or change the broadcasting channel for millimeter wave 
transmission to a specific channelplan. itis also possrb e to superpose TV 
preset information on an information channel of the milhmeter wave 
Llsmitter as channel plan switching information and output the same so 
that channel preset information on the TV side can be automatically 
changed. When outputting switcHng of the channel plan itseH as screen 
information of the information channel, this is easily understandable and 
clvenientforthenser. Thus, it foUows that a channel plan necessary for 
transmission maybe transmitted regardless of the receiving channel preset 
state of the milhmeter wave transmitter 110 or the electromc apparatus 

Referring to Fig. 13. the milhmeter wave receiver 240 capable of 
displaying the operating state of the millimeter wave transmission system 
can superpose an information screen or sounds based on mtemal 
information on broadcasthig signals. The milhmeter wave recover 240 is 
different from the milhmeter wave receiver 200 shown in Fig. IB in a point 
that the same further includes a video/audio signal processor 51b, a 
modulator 52b and a mixer 93b. 

In the milhmeter wave receiver 240. the video/audio signal processor 
51b produces a video signal for displaying information obtained by a contol 

signal receiver 34 fcom the electronic apparatus 300 or set informaUon of a 
down converter 29 or an inverse frequency arranger 30 on the TV receiver 
or outputting sounds on the basis of the information or the set information. 
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This information indicates that the miffimeter wave receiver 240 selectrvely 
transniits only a channel for CS broadcasts., tor example. The "odula^" 
52b modulates the processed video signal and an audio signal to NTSC TV 
signals or the like. In general, the mixer/switch 93b mixes the TV signals 
as signal of the VHF channel 1 or 2 with outputs of the inverse fre,uency 
arranger 30, and supphes the mixed signals to the electronic apparatus 300 
through a connector 38. When receiving the VHF channel 1 or 2 la the TV 
receiver forming the electronic apparatus 300, the user can confirm that the 
broadcasting channel transmitted through the milhmeter wave receiver 240 
is only that for CS broadcasting, for example, on the TV screen. 
Second Embodiment 

Figs 14A and 14B are block diagrams showing the structure ot a 
milUmeter wave transmission system 2000 having a repeater 500 according 
to a second embodiment of the present invention. 

Fig 14A shows the structure of the repeater 500 included in the 
miJlimeter wave transmission system 2000. Fig. 14B shows the sti-ucture 
of a millimeter wave transmitter 120 included in the milUmeter wave 
transmission system 2000. The millimeter wave transmitter 120, 
employed in combination with the repeater 500, has a structure 
corresponding to the repeater 500. 

The structures of a millimeter wave receiver and an electronic 
apparatus corresponding to the millimeter wave transmission system 2000 
are identical to those described with reference to the first embodiment and 
hence redundant description is not repeated. In other words the 
millimeter wave communication system shown in the first embodiment can 
be formed by combining any of the miUimeter wave receivers 200 to 240 
and the electronic apparatus 300 described above with the millimeter wave 
transmission system 2000 according to the second embodmient. 

Eeferring to Fig. 14A, the repeater 500 includes a connector 14, 
another connector 15, a broadcasting signal input 16, a frequency ai'ranger 
17 a DC power supply 20 another DC power supply 21, a DC power 
controUer 23, a DC power receptor 66, a control signal receiver 57 and a 
connector 58. 
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Referring to Fig. 14B, the millimeter wave transmitter 120 includes 
an up converter 18. a transmitter 19. a DC power supply 20. a receiver 22. 
a DC power controUer 23. a memory 24, a millimeter wave antenna 25, a 
connector 59 and a control signal transmitter 60. 

^e repeater 500 is generally set on the roof of a house m the vrcnxty 
of positions where a VHF/UHF antenna 11, a BS antenna 12 and a CS 
antenna 13 are set. and coaxial cables from the VHF/UHF — 
BS antenna 12 and the CS antenna 13 are bundled and connected to the 
indoor millimeter wave transmitter 120 through a smgle coa=aal cable from 

^^TectLTsignals from the VHF/UHF antennall, the BS antenna 12 
and the CS antenna 13 are input in the broadcasting signal input 16 
through the connectors 14 and 15 respectively. The input broadcasting 
waves ar-e supplied to the frequency arranger 17. which in turn arranges 
the broadcasting waves of the VHF/UHF band on a high frequency band. 
Outputs from the frequency arranger 17 are supplied to the milhmeter 
IZ transmitter 120 through the connectors 58 and 59. V.e radio waves 
of current frequency arrangement, which is shown in Fig. 3B. can be up^ 
converted by the up converter 18 in the milUmeter wave transmitter 120 as 
such, and can be transmitted indoors through the transmitter 19 and the 
mrUiraeter wave antenna 25. , no 

Thus the VHF/UHF antenna 11, the BS antenna 12 and the Lb 
antenna is'can be connected to the milhmeter wave t'^--^™**^;!^" 
through a single coaxial cable when connected to the repeater 500. and the 
broadcasting waves can be up-converted and transmitted as such on the 
side of the milUmeter wave transmitter 120 since frequency arrangement 
has already been completed on the side ofthe repeater 500. 

At this time, the milhmeter wave transmitter 120 supphes DC power 
for the repeater 500 from the DC power supply 20 to the connector 59 in 
response to a control signal from the milUmeter wave receiver obtained 
from the receiver 22 while transmitting necessary control signals to the 
repeater 500 through the control signal transmitter 60. In this case, the 
control signals include a signal for controUing the DC power for the 
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repeater 500 itself and a control signal for selectively supplying DC power 
to the BS antenna 12 and the CS antenna 13. 

The repeater 500 receives these superposed signals and the D0_ 
power from the connector 58 in the control signal receiver 57 and the DC 
power receptor 56 respectively, and the contr-ol signal receiver 57 controls 
the DC power supplies 20 and 21 in response to the control signals for 
— g supply of DC power to the CS antenna 13 and the BS antenna 
12 When all apparatuses stored in the memory 24 require no recel^^g. 
the DC power controller 23 can cut off DC power to unnecessary blocks 
snch as the broadcasting signal input 16andthefreauency™r 17. 

While the repeater BOO up-converts the signals torn the VHF/UHF 
antenna 11, the BS antenna 12 and the CS antenna IS set on the roof of 
the house to millimeter waves and connects the same to the xndoor 
rniUimeter wave transmitter 120 through a single coamd cable m the 
second embodiment, the millimeter wave transmitter 100 shown in Fig. 1 
itselfmaybesetontheroofofthehousefordirectlytransniitt.ng 
millimeter waves from the millimeter wave antenna 25 to the millimeter 
wave receiver 120 set indoors. . , , , u„ 

When employing such a setting method, no coaxial cable may be 
wired indoors from the roof. While it is difficult to transmit mJhme er 
waves indoors from above the roof through roofing tiles, ■mlhmete 
waves can readily pass through a skylight or the hke provided on the r^t 
for readily implementing wii-eless transmission indoors. When providing 
Imimleter wave transmitter on thereof, power ofasol^batter^^rt^^ 

like may be utilised so that no DC power cable may be wired m addition to 
the coaL cable. Thus, it is also possible to transmit broadcasting waves 
from various antennas indoors in a completely wireless manner. 
Third Embodiment 

Fig 15 is a block diagram showing the structure of an electronic 
apparatus 310 having a millimeter wave receiving function according to a 
third embodiment of the present invention. 

Eeferring to Fig. 15, the electronic apparatus 310 includes a 
niimmeter wave antenna 27, an amplifier 28, a down converter 29, an 
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inverse frequency arranger 30, a mixer/switch 31, a DC power controUer 32, 
a transmitter 35, a connector 40 and a broadcasting signal receiver 41. 

Signals from general antennas for terrestrial broadcasting, BS 
broadcasting and CS broadcasting are input torn the connector 40, so that 
the electronic apparatus 310 storing a miUimeter wave receiver is 
connected to the general antennas without thi-ough the milKmeter wave 
receiver MiUimeter waves transmitted from the milUmeter wave 
transmitter are received by the millimeter wave antenna 27 and amplified 
bv the amplifier 28. The amphfied receiving signals are down-converted 
by the down converter 29 and finally converted to the oiiginal broadcasting 
fi-equency band by the inverse frequency arranger 30. The converted 
signals and the signals input from the connector 40 are mixed or 
switched/selected in the mixer/switch 31, so that either signals are supphed 
to the broadcasting signal receiver 41 in response to the condition of the 
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When the electronic apparatus 310 is turned on or a channel for 
using the millimeter wave transmitter/receiver is selected in response to 
which channel the user transmits through the milhmeter wave 
transmitter/receiver, the broadcasting signal receiver 41 turns on the DC 
power controUer 32 for supplying DC power to blocks such as the ampbfier 
28 the down converter 29 and the inverse frequency arranger 30 necessary 
for miUimeter wave receiving. At this time, the broadcasting signal 
receiver 41 transmits information on apphcation of DC power, mformatxon 
on which broadcasting channel is transmitted etc. to the millimeter wave 
transmitter through the transmitter 35, for transmitting broadcasting 
waves of the necessary band. 

Thus it is possible to switch the broadcasting channel subjected to 
miUimeter wave transmission from that for BS broadcasting to that for CS 
broadcasting or cut off the DC power for the miUimeter wave transmitter 
with a control signal from the mmimeter wave receiver or a signal from a 
remote control transmitter of a TV receiver. When two TV receivers or 
VTRs utUize the outputs from the mmimeter wave receiver and the two TV 
receivers or VTRs are in OFF states, the mUUmeter wave transmitter 
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receiving information indicating this state can automaticaUy cut off supply 
of DC power to unnecessary transmission parts. Thus, wasteful power 
consumption in the millimeter wave transmitter can be prevented wxth no 
intentional operation of the user. 

The miUimeter wave transmitter, which is connected to a connector 
provided in a Uving room or the liie for up-converting broadcasting waves 
obtained from the connectors to miUimeter waves and radiating the 
millimeter waves indoors, may be mounted on or stored in the electronic 
apparatus represented by the TV receiver 45. In other word., a connector 
set on a wall and the TV receiver 45 are connected with each other by a 
conventional coaxial cable or the hke for radiating millimeter waves from 
the millimeter wave transmitter mounted on or stored in the TV receiver 45 
to another indoor TV receiver. In this case, wireless transmission to 
another indoor TV receiver such as a Uquid crystal TV is enabled although 
the TV receiver 45 itself does not receive the broadcasting waves m a 
wireless manner. A general house has an existing TV receiver and 
generally requires no intentional change of this portion. Therefore, i is 
extremely effective that an antenna for a newly purchased hquid crystal TV 
or the hke can be connected in a wireless manner. When providing the 
millimeter wave transmitter on the TV receiver 45 which is generally large- 
si.ed to some extent, a vertical position convenient for transmission can he 
naturally attained for reducing crosstab in the milhmeter wave 
transmission path. When mounting the miUimeter wave t™"^;^ 
the TV receiver 45 as an adapter, a general input connector of the TV 
receiver 45 is provided on a lower portion of the back surface of the TV 
receiver 45 while providing a connector with the millimeter transmitter on 
an upper portion of the TV receiver 45. so that the miUimeter wave 
transmitter can he mounted on a high position. 

In particular, it is possible to regard the TV receiver 45 provided 
with or storing the mUBmeter wave transmitter as a main TV and turn 
on/off the miUimeter wave transmitter in association with the switch of the 
main TV or through a remote controUer for the main TV. In this case, the 
miUimeter wave receiver having the control signal receiver 34 described 
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with reference to the first embodiment may be provided on a sub TV such 
as a liquid crystal TV. ... ii 

It is also conceivable to set the mmimeter wave transmitter on a wall 
connector In general, broadcasting waves may be directly transmitted to 
the TV receiver 45 close to the connector through millimeter waves while 
millimeter waves may be transmitted toward the ceiUng from the 
miUimeter wave transmitter for transmitting the millimeter waves to 
another indoor TV receiver through reflected waves reflected by a reflector 
set on the ceiling or the ceihng itself. The millimeter waves can be 
reflected by a ceiling board material employed in a general house^ When 
setting the milHmeter wave receiver mounted on or stored m the TV 
receiver 45 on a lower portion of the back surface of the TV receiver 45 
millimeter waves from the millimeter wave transmitter set on the wall 
connector can be effectively received. 

The millimeter wave communication system according to the present 
invention is not restricted to the structures directly described with 
reference to the first to third embodiments but can be properly combined 
with the millimeter wave transmitter, the milhmeter wave receiver, the 
electronic apparatus and the repeater mentioned above. 

Although the present invention has been described and illustrated in 
detail it is clearly understood that the same is by way of iflustration and 
example only and is not to be taken by way of limitation, the spmt and 
scope of the present invention being Hmited only by the terms of the 
appended claims. 
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WHAT IS CLAIMED IS: 



1. /A millimeter wave transmitter for performing millimeter wave 
radio transmission indoors, comprising: 

a connection unit connectable with an antenna receiving.a plurality 
of broadcasting waves; 

a power supply circuit supplying driving power to said antenna 
through said connection unit; 

a broadcasting wave input circuit receiving said plurality of 
broadcasting waves through said connection unit and converting said 
broadcasting waves to broadcasting signals corresponding to said 
broadcasting waves respectively; 

a broadcasting wave modulation circuit up -converting said 
broadcasting signals to millimeter waves to be transmitted/received 
indoors; and 

a millimeter wave transmission circuit transmitting said millimeter 

waves. 

2. The millimeter wave transmitter according to claim 1, wherein 
said millimeter waves are radio waves of the 60 GHz band. 

3. The millimeter wave transmitter according to claim 1, wherein 
said broadcasting waves include at least one of radio waves of the 

radio frequency band of terrestrial waves and radio waves of an 
intermediate frequency band of satellite broadcasting. 

4. The millimeter wave transmitter according to claim 1, further 
comprising: 

a frequency arranging circuit changing the frequency arrangement of 
said broadcasting signals. 

5. The miUimeter wave transmitter according to claim 1, further 
comprising: 
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a video/audio signal processing circuit producing at least one of a 
video signal and an audio signal on the basis of internal information of said 
millimeter wave transmitter, 

a modulation circuit modulating said signal produced by said 
video/audio signal processing circuit to a broadcasting wave receivable in 
an electronic apparatus having a function of receiving broadcastmg, and 

a mixing circuit mixing an output wave from said modulation circuit 
with said broadcasting waves input through said connection unit. 

6. The millimeter wave transmitter according to claim 1, further 
comprising: 

an input interface inputting at least one of a video signal and an 
audio signal from outside, 

a modulation circuit modulating said signal input in said input 
interface to a broadcasting wave receivable in an electronic apparatus 
having a function of receiving broadcasting, and 

a mixing circuit mixing an output wave from said modulation circuit 
with said broadcasting waves input through said connection unit. 



7. 



The millimeter wave transmitter according to claim 1, further 
comprising: 

a receiver for receiving a remote control signal from an electronic 
apparatus having a function of receiving broadcasting. 

/ A milhmeter wave transmitter for performing miUimeter wave 
radfo transmission indoors, comprising: 

a broadcasting wave input circuit receiving a plurahty of 
broadcasting waves and converting said broadcasting waves to 
broadcasting signals corresponding to said broadcasting waves respectively; 

a broadcasting wave modulation circuit up-converting said 
broadcasting signals to millimeter waves to be transmitted/received 
indoors; 

a milhmeter wave transmission circuit transmitting said milhmeter 
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waves; and 

a receiving circuit receiving an external control signal. 

9. The millimeter wave transmitter according to claim 8, further 

comprising: . 

a connection unit connectable with an antenna receiving said 

plurahty of hro adcasting waves , and 

a power supply circuit supplying driving power to said antenna 
through said connection unit, wherein 

said broadcasting wave input circuit receives said plurahty of 
broadcasting waves through said connection unit, and 

said power supply circuit operates on the basis of said external 
control signal. 

10. The milhmeter wave transmitter according to claim 8, further 

comprising: . 

a power control circuit controUing execution/interruption of power 
supply to a plurahty of circuits included in said milhmeter wave 
transmitter. 

11. The milhmeter wave transmitter according to claim 10, further 

comprising: . 

a utilized apparatus storage circuit storing identification information 

input from said receiving circuit, wherein 

said identification information indicates identification information oi 
an electronic apparatus utihzing output signals from said milhmeter wave 
transmitter, and 

said power control circuit operates on the basis of said identification 
information. 

A. A milhmeter wave receiver for performing milhmeter wave 
radic/transmission indoors, comprising: 

a milhmeter wave receiving circuit receiving milhmeter waves, 
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obtained by up-converting a plurality of broadcasting waves, to be 
transmitted/received indoors; 

a broadcasting wave demodulation circuit down-converting said 
millimeter waves to the frequency band of said broadcasting waves; 

a connection unit connectable with a connector provided on an 
electronic apparatus having a function of receiving broadcasting; and 

a power receptor circuit receiving driving power of said millimeter 
wave receiver through said connection unit. 

13. The millimeter wave receiver according to claim 12, wherein 
said millimeter waves are radio waves of the 60 GHz band. 

14. The millimeter wave receiver according to claim 12, wherein 
said broadcasting waves include at least one of radio waves of the 

radio frequency band of terrestrial waves and radio waves of an 
intermediate frequency band of satellite broadcasting. 

15. The miLHmeter wave receiver according to claim 12, further 

comprising: . . 

an input connector connected with an external antenna receiving 
said plurahty of broadcasting waves, and 

a mixing/sAvitching circuit outputting one of said broadcasting waves 
received by said input connector, output signals from said demodulation 
circuit, and signals obtained by mixing said broadcasting waves and said 
output signals. 



16 . The millimeter wave receiver according to claim 12 , further 
jmprising: 

a frequency arranging circuit changing the frequency arrangemer 
utput signals from said broadcasting wave demodulation circuit. 



17. The millimeter wave receiver according to claim 12, 
comprising: 



a video/audio signal processing circuit producing at least one of a 
video signal and an audio signal on the basis of internal information of said 
millimeter wave receiver, 

a modulation circuit modulating said signal produced by said 
video/audio signal processing circuit to a broadcasting wave receivable m 
said electronic apparatus, and 

a mixing circuit mixing an output wave from said modulation circuit 
with said broadcasting waves input through said connection unit. 

18. The millimeter wave receiver according to claim 12, further 

comprising: 

a plurality of output terminals, and 

a distribution circuit for distributing output signals from said 
broadcasting wave demodulation cii-cuit to each of said plurality of output 
terminals. 

19 The millimeter wave receiver according to claim 12, wherein 
said connection unit is capable of at least one of rotation and bending 

when connected with said connector, and 

said milHmeter wave receiving circuit includes at least one 
milhmeter wave antenna having a variably settable direction. 

20 The millimeter wave receiver according to claim 19, wherein 
said connection unit is capable of said rotation when connected with 

said connector, 

said millimeter wave receiving circuit includes a millimeter wave 
antenna arranged substantiaUy in paraUel with the axis of said rotation, 

said millimeter wave antenna has a receiving surface rotatable about 
the axis of said rotation. 

2 1. The millimeter wave receiver according to claim 20, wherein 
said connection unit is capable of said rotation when connected with 
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said connector, 

said millimeter wave receiving circmt includes: 

a first millimeter wave antenna ai-ranged substantiaUy in paraUel 
with the axis of said rotation, and 

a second millimeter wave antenna arranged substantially 
perpendicularly to the axis of said rotation, and 

each of said first and second millimeter wave antennas has a 
receiving surface rotatable about the axis of said rotation. 

22 The mOlimeter wave receiver according to claim 19, wherein 
said connection unit is capable of said rotation when connected with 
said connector, 

said millimeter wave receiving circuit includes a millimeter wave 
antenna obliquely arranged with respect to the axis of said rotation, and 

said millimeter wave antenna has a receiving surface rotatable about 
the axis of said rotation. 

23. The millimeter wave receiver according to claim 19, wherein 
said connection unit is capable of said rotation on a first axis of 

rotation when connected with said connector, 

said millimeter wave receiving circuit includes a milHmeter wave 
antenna having a second axis of rotation in a direction substantiaUy 
perpendicular to said first axis of rotation, and 

said millimeter wave antenna has a receiving surface rotatable about 
said second axis of rotation. 

24. The milHmeter wave receiver according to claim 19, further 
comprising: 

a receiving level detection circuit determining the receiving level m 
said milHmeter wave receiving circuit and outputting a signal responsive to 
the result of determination, 

a video/audio signal processing circuit producing at least one of a 
video signal and an audio signal as information signal for indicating a 



-34- 



receiving state to said electronic apparatus, 

a modulation circuit modulating said signal produced by said 
video/audio signal processing circuit to a broadcasting wave receivable m 
said electronic apparatus, and 

a mixing circuit mixing said broadcasting wave output from said 
modulation circuit and said broadcasting waves input through said 
connection unit, wherein 

said video/audio signal processing circuit changes said information 
signal in response to said output of said receiving level detection circuit. 

25. The millimeter wave receiver according to claim 24, further 

comprising: + + f 

a display unit capable of making display responsive to said output ot 

said receiving level detection circuit, and 

said display unit executes said display also when said millimeter 

wave receiver is disconnected from said connector. 

26. The millimeter wave receiver according to claim 12, further 
comprising: 

a control signal receiving circuit receiving a control signal from said 
electronic apparatus through said connection unit. 

27. The milhmeter wave receiver according to claim 26, further 
comprising: 

a transmission circuit transmitting a control signal for controJhng a 
mOhmeter wave transmitter outputting said millimeter waves. 

28. The miUimeter wave receiver according to claim 27, wherein 
said transmission circuit transmits the control signal received from 

said electronic apparatus to said miUimeter wave transmitter. 

29. The millimeter wave receiver according to claim 26, further 
comprising: 
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a power control circuit controlling execution/interruption of power 
supply to a plurality of circuits included in said milHmeter wave receiver, 

wherein r f 

said power control circuit interrupts power supply to said plurality ot 
circuits included in said millimeter wave receiver when said control signal 
receiving circuit receives a receiving interruption signal from said 
electronic apparatus. 

30. The millimeter wave receiver according to claim 12, further 
comprising: 

a receiving circuit receiving an external control signal. 

3 1. The millimeter wave receiver according to claim 30, wherein 
said milhmeter waves are output from a miUimeter wave transmitter, 
the milhmeter wave receiver further comprising a transmission 

circuit transmitting a control signal for controlhng said milHmeter wave 
transmitter. 

32. The millimeter wave receiver according to claim 30, further 
comprising: 

a power control circuit controlhng execution/interruption of power 
supply to a plurahty of circuits included in said milhmeter wave receiver, 

wherein ^ 
said power control circuit interrupts power supply to said plurahty of 
circuits included in said millimeter wave receiver when said receivuig 
circuit receives a receiving interruption signal from said electronic 
apparatus. 

33. The millimeter wave receiver according to claim 12, wherein 
said miUimeter wave receiving circuit includes a non-directional 

antenna for receiving milhmeter waves. 

34. The miUimeter wave receiver according to claim 33, further 
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comprising: 

a control signal receiving circuit receiving a control signal from said 
electronic apparatus through said connection unit. 

35. The millimeter wave receiver according to claim 34, further 
comprising: 

a transmission circuit transmitting a control signal for controlling a 
millimeter wave transmitter outputting said millimeter waves. 

36. The millimeter wave receiver according to claim 34, further 
comprising: 

a power control circuit controUing execution/interruption of power 
supply to a pluraHty of circuits included in said millimeter wave receiver, 



said power control circuit interrupts power supply to said pluraHty of 
circuits included in said mOhmeter wave receiver when said receiving 
circuit receives a receiving interruption signal from said electronic 
apparatus. 

ar. An electronic apparatus capable of utilizing an output signal 
from 'a millimeter wave receiver, comprising: 

a connector connected with said millimeter wave receiver; 

a memory circuit storing information as to whether or not to utilize 
said output signal from said millimeter wave receiver in correspondence to 
a channel subjected to selection for receiving; and 

a power supply circuit supplying driving power of said miUimeter 
wave receiver through said connector, wherein 

said power supply circuit supphes said driving power through said 
connector when a channel utilizing said output signal from said millimeter 
wave receiver is selected on the basis of said information stored in said 
memory circuit. 

39f. An electronic apparatus capable of utihzing an output signal 



wherein 
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from a millimeter wave receiver, comprising: 

a connector connected with said millimeter wave receiver; and 
a control signal transmission circuit transmitting a control signal 

indicating information provided in said electronic apparatus to said 

connector. 

39/ An electronic apparatus capable of utilizing an output signal 
from a/millimeter wave receiver, comprising: 

^ a connector connected with said millimeter wave receiver; 

a memory circuit storing information as to whether or not to utihze 
said output signal from said millimeter wave receiver in correspondence to 
a channel subjected to selection for receiving; and 

a control signal transmission circuit transmitting a control signal 
responsive to said information stored in said memory circuit to said 
connector. 

4j3^ An electronic apparatus having a function of receiving 
televi^on broadcasting, comprising: 

a millimeter wave receiving circuit receiving millimeter waves, 
obtained by up-converting a plurahty of broadcasting waves, output from a 
millimeter wave transmitter; 

a broadcasting wave demodulation circuit down-converting said 
millimeter waves to the frequency band of said broadcasting waves; 

an inverse frequency arranger changing the frequency arrangement 
of output signals of said broadcasting wave demodulation circuit; and 

a transmission circuit transmitting a control signal for controlling 
said millimeter wave transmitter. 

A repeater connected to an antenna receiving broadcasting for 
mabmg a relay to a terminal, comprising: 

a broadcasting wave input circuit receiving a plurality of 
broadcasting waves through said antenna and converting said broadcasting 
waves to broadcasting signals corresponding to said broadcasting waves 
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respectively; 

a frequency arranging circuit changing the frequency arrangement of 
said broadcasting signals; 

a power supply circuit supplying power to said antenna; 
10 a connection unit for connection with said terminal; and 

a power receptor circuit receiving driving power of said repeater 
through said connection unit. 

42. The repeater according to claim 41, further comprising: 
a control signal receiver receiving a control signal from said terminal 
through said connection unit. 

A millimeter wave communication system for performing 
millimeter wave radio transmission indoors, comprising: 

a miUimeter wave transmitter for transmitting milhmeter wave 
signals in said milhmeter wave radio transmission, said millimeter wave 
5 transmitter including: 

a first connection unit connectable with an antenna receiving a 
plurahty of broadcasting waves, 

a power supply circuit supplying driving power to said antenna 
through said first connection unit, 
10 a broadcasting wave input circuit receiving said plurality of 

broadcasting waves through said first connection unit and converting said 
broadcasting waves to broadcasting signals corresponding to said 
broadcasting waves respectively, 

a broadcasting wave modulation circuit up-converting said 
15 broadcasting signals to said millimeter wave signals to be 
transmitted/received indoors, and 

a millimeter wave transmission circuit transmitting said millimeter 
wave signals; and 

a miUimeter wave receiver receiving said milhmeter wave signals in 
20 said millimeter wave radio transmission, said miUimeter wave receiver 
including: 
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a millimeter wave receiving circuit receiving said millimeter wave 
signals, 

a broadcasting wave demodulation circuit down-converting said 
25 millimeter wave signals to the frequency band of said broadcasting waves, 

a second connection unit connectable with a connector provided on 
an electronic apparatus having a function of receiving broadcasting waves, 
and 

a power receptor circuit receiving driving power of said millimeter 
30 wave receiver through said second connection unit. 

A millimeter wave communication system for performing 
wave radio transmission indoors, comprising: 
a repeater connected to an antenna receiving broadcasting for 
relaying a plurality of broadcasting waves, said repeater including: 
5 a broadcasting wave input circuit receiving said plurality of 

broadcasting waves through said antenna and converting said broadcasting 
waves to broadcasting signals corresponding to said broadcasting waves 
respectively, 

a frequency arranging circuit changing the frequency arrangement of 
10 said broadcasting signals, 

a first power supply circuit suppl3ring driving power to said antenna, 

and 

a first connection unit connectable with an external apparatus; 

a first power receptor circuit receiving driving power of said repeater 
15 through said first connection unit; 

a millimeter wave transmitter for receiving output signals of said 
repeater and transmitting milhmeter wave signals in said millimeter wave 
radio transmission, said millimeter wave transmitter including: 

a second connection unit connected with said first connection unit, 
20 a second power supply circuit supplying driving power to said 

repeater through said first and second connection units, 

a broadcasting wave modulation circuit receiving said broadcasting 
signals through said first and second connection units and up-converting 
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said broadcasting signals to millimeter wave signals to be 
transmitted/received indoors, and 

a millimeter wave transmission circuit transmitting said millimeter 
wave signals; and 

a millimeter wave receiver for receiving said millimeter wave signals 
in said millimeter wave radio transmission, said millimeter wave receiver 
including: 

a millimeter wave receiving circuit receiving said millimeter wave 
signals, 

a broadcasting wave demodulation circuit down-converting said 
millimeter wave signals to the frequency band of said broadcasting waves, 

a third connection unit connectable with a connector provided in an 
electronic apparatus having a function of receiving broadcasting waves, 
and 

a second power receptor circuit receiving driving power of said 
miUimeter wave receiver through said third connection unit. 

45. The millimeter wave communication system according to claim 
44, wherein 

said millimeter wave transmitter further includes a control signal 
transmission circuit transmitting a control signal through said second 
connection unit. 
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ABSTRACT OF THE DISCLOSURE 

In order to receive satellite broadcasting (BS and CS) and terrestrial 
broadcasting (VHF and UHF), complicated wiring is required in a personal 
residence for transmitting broadcasting signals to a plurality of TV 
5 receivers while new distributors must be additionally set for installing 
additional TV receivers in a condominium previously provided with 
distributors limiting the number of settable TV receivers. The inventive 
miUimeter wave communication system forms power supply paths by 
simply connecting a BS/CS antenna with a millimeter wave transmitter 
10 and connecting an electronic apparatus such as a TV receiver with a 
millimeter wave receiver through connectors or the like while 
transmitting/receiving broadcasting signals by millimeter wave radio 
communication without employing wires such as coaxial cables indoors. 
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